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Abstract 
C-CVD MgB2 powder was prepared by reaction at different temperatures and dwell times of Mg with carbon-doped 
boron powder. Carbon doped boron powder was obtained by chemical vapor deposition using ethylene gas as a 
precursor on high purity nano-sized Boron particles (20-100 nm diameter) with varying deposition times and partial 
pressures. This unique technique is shown by transmission electron microscopy to achieve a homogeneous carbon 
rich layer on each particle.  
Analysis of the diffraction peaks and characterization of the temperature-dependence of the magnetic susceptibility 
were used to study the phenomenon of phase separation and then quantify the homogeneity of the carbon-doping in 
the powder.  
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1. Introduction 
Despite much work on carbon doping, there are on-going issues with a low fraction of useful current 
carrying area [1]. Consequently doubts remain over the homogeneity of carbon doping. 
    Although an extensive research activity has been carried out on carbon-doped magnesium diboride, 
very few studies have been focused on powders. In contrast, many efforts have been made to elucidate 
how the carbon-doping affects the crystal structure and transport properties in bulk materials, especially 
tapes and wires. In such bulk material studies it is however difficult to separate granular and inter-
granular affects.  
Previous work, [2], has shown the carbon improves critical properties and this property has been 
attributed, [3], to the enhancement of critical field and flux pinning properties of the MgB2 lattice. The 
carbon substitution has proved also to result in a significant contraction of a-axis, while the c-axis lattice 
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parameter is virtually unchanged. The observed apparent decrease of the Tc in the temperature-dependent 
magnetization measurements has been interpreted as a result of the actual carbon content [3], and 
correlated to the shrinking of the a-axis length.  
These results have been proved to be markedly affected by a choice of carbon-doping sources, 
(addition of powders, B4C, SiC, carbon nanotubes, carbon black or liquids, glycerin, SiC carbon, carbon 
nanotubes) within the reaction of boron with magnesium. However little study is afforded to latitude in 
the physical and chemical state of the boron and carbon mix before reaction. 
This paper uses successful technique of C-CVD doping, [4], exploring in more detail the effect of the pre-
reaction boron-carbon mixture on the reacted carbon doped magnesium diboride. The phase homogeneity 
is studied in powders where granular information is more available then in bulk. 
2. Experimental details 
2.1 Carbon doping of MgB2 
 
Nano Boron powder, (20-100 nm), was coated with carbon by Chemical Vapour Deposition (CVD) using 
ethylene gas. The precursor boron powder, placed inside a titanium foil in a dedicated Ni-Fe tube furnace 
(previously evacuated using a rotary pump), was treated with ethylene gas at 0.2 bars for 2 hours. The 
nominal values of carbon doping were determined by the mass gain, i.e. by measuring the mass of boron 
powder before and after the deposition. A nearly constant percentage of carbon deposition (6.5±0.4%) 
was obtained using two different doping temperatures, specifically 650°C and 900°C. 
 
2.2 Preparation of MgB2 powder samples 
 
The carbon coated boron was reacted with magnesium in order to synthesise Mg(B1-x,Cx)2. The powder 
along with Mg rod, 20% in excess of the stoichiometric amount, was wrapped in tantalum foil, and placed 
inside a stainless steel tube, which was sealed at both ends by applying a uniaxial pressure. The tube was 
then inserted into a dedicated NiFe tube furnace and heated at 900°C for 6 hours under an argon 
atmosphere at a pressure of 0.3 bars, and finally left to cool to room temperature. In parallel with and as 
an adjunct to the C-doped sample, undoped MgB2 powder sample was produced from pure boron powder 
and Mg rod with the same synthesis technique.  
3. Results and discussion 
3.1 XRD characterization and temperature-dependent Magnetization measurements 
Figure 1(a, b, c) show the powder XRD patterns relative to undoped MgB2, C-CVD doped MgB2 
treated at 650°C and C-CVD doped MgB2 heated at 900°C , respectively. The graphs indicate that the (1 
0 0) peaks in the doped samples are shifted to larger angles relative to the undoped samples, while no 
change was observed in the peak positions of the (0 0 2) reflection. This behavior has been previously 
explained by the changes in lattice parameters caused by carbon substitution for boron in MgB2 [1]. 
The actual doping fractions have been estimated from the calculated decrease of the a-axis length 
relative to the undoped sample by using the reported values of the change in the a-axis lattice constant for 
C-doped single crystal as a calibration curve, [2]. The obtained results, indicated on the graphs as Mg(B1-
xCx)2, suggest that the increase of dwell temperature from 650°C to 900°C does not seem to significantly 
affect the amount of carbon substituted in the MgB2 lattice. 
On the other hand, increasing the carbon doping temperature leads to a broadening of the FWHM 
XRD peaks, one explanation would be an increase of lattice disorder caused by the introduction of carbon 
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within the structure of MgB2 [3]. However this phenomenon was only found in samples treated at higher 
temperatures (900°C), whereas the values of the FWHM relative to the undoped MgB2 and C-CVD 
650°C doped MgB2 deviate only slightly from each other. 
A gaussian deconvolution of the (1 0 0) peaks shows that, in all three prepared samples, it is possible 
to identify the presence of two underlying peaks. This finding [5] can be interpreted as phases with 
different levels of carbon. In the XRD of the C-CVD 900oC sample two broad peaks with C doping 
percentages which correspond to x = 7±0.7% can be identified. In contrast the C-CVD 650qC sample has 
one main peak at x=7.8% with a small secondary peak with a value near 2.5%. Two underlying peaks in 
the undoped sample are also present, and with no carbon present, can best be explained by a percentage of 
magnesium deficiency which would shift the (100) peak to the left, [6].  
Fig. 1. XRD of (100) reflection for undoped MgB2 powder (a), C-CVD doped MgB2 at 650qC (b), and C-CVD doped MgB2 at 
900qC(c). 
     Fig. 2(a) and 2(b) show the temperature-dependent field cooled Magnetization curve at various applied 
fields for C-CVD 650°C doped MgB2 and C-CVD 900°C doped MgB2. 
     Both samples are characterized by a two-step superconducting transition, with an onset Tc as high as 
38 K and a second lower Tc around to 34 K. However, firstly the 38 K step is much diminished for the C-
CVD 900°C MgB2 and furthermore there is a broad superconducting transition below 34 K indicating a 
lower homogeneity of carbon-doping. 
     In contrast, the sharper profile of the temperature dependence magnetization graph for the 650°C 
treatment presents two clear and distinct variations in slope of the curve, one corresponding to 
temperature 38 K and the other to temperature 34 K. The result correlates with the XRD data, showing a 
wider distribution of Tc with the higher carbon doping temperature. 
Fig. 2. Temperature-dependent magnetization measurements for C-CVD doped MgB2 at 650°C (a), and C-CVD doped MgB2 at 
900°C(b). 
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3.2 TEM image analysis  
 
In Fig. 3(a) and 3(b) the TEM images of the 650qC carbon-doped boron powder are presented. The 
images show a uniform layer of carbon on the boron grains. The chemistry of the deposition has been 
studied over metals such as Pd previously [7]. Ethylene thermally decomposes at a temperature dependent 
on the presence of a catalysis, first into ethynyl (CCH), before completing dehydrogenation to carbon. In 
the case of Boron, it has not been yet ascertained if there is any absorption of carbon species, in order to 
do so lower reaction temperatures should be explored where only the ethynyl species is present. 
The layer thickness for different grain sizes was assessed, the results of which have been plotted in the 
graphs of Fig. 4(a) and 4(b). The thickness of the carbon layer deposited is virtually constant, as a result 
the overall percentage of carbon content, consequently if assessed in terms of the fractional carbon both 
by area and by volume, the relative amount of carbon decreases with increasing grain size. 
Comparing the TEM images of 5(a) and 5(b) of MgB2 and C-CVD 900°C doped MgB2 there is no 
appreciable remnant of carbon on the surface. This is corroborated by the XRD result that a full carbon 
substitution of C into the MgB2 lattice has been achieved.  
 
 
Fig. 3. TEM images of pure boron powder (a), C-doped boron (b). 
 
Fig. 4. Graphs showing  how the overall carbon percentage, by cross sectional (a) and by volume (b), varies with increasing particle 
size. 
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Fig. 5. TEM images of  undoped MgB2 (a), C-CVD doped MgB2 (b). 
4. Conclusions 
In this paper initial results on controlling the carbon doping of MgB2 have been presented. The increase in 
temperature of carbon doping temperature is observed to affect the FWHM of the (100) peak but not the 
amount of carbon actually substituted into the MgB2 lattice. The lower homogeneity of higher 
temperature treatment in carbon-doping is confirmed by the relatively broader profile of the temperature-
dependence Magnetization curve.  The deposited layer of carbon is observed in TEM images to be 
uniform and constantly thick, regardless of particle size. The validity of the discussed results are expected 
to be confirmed and corroborated by future experiments on samples made by a wider range of carbon 
dopant conditions.   
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